Doxazosin triggers apoptosis via an imprecisely defined receptor mechanism that is related to tumor necrosis factor receptors (TNFRs). The aim of this study was to determine CD95, TNFR-1, TNFR-2, CD40 expression in primary prostate epithelial cultures incubated with doxazosin. Epithelial cultures were cultivated from 10 benign prostate hyperplasia patients. The cells were incubated with 20, 50 and 80 lM of doxazosin. Apoptosis was confirmed by fluorescence microscopy and flow cytometry. The cells were analyzed for expression of FAS, CD40, TNFR-1 and TNFR-2 by flow cytometry. Early apoptotic cells were present in all groups. A positive correlation was noticed between doxazosin dose and TNFR-1-, -2-positive cells. A decrease of CD40-positive cell population was observed in the lowest concentration. A decrease of mean fluorescence intensity signal of CD40 and CD95 was observed in the lowest concentration. Doxazosin-triggered apoptosis was doseindependent. The initiation of apoptosis was a result of receptors 'crosstalk' rather than a single receptor pathway activation. TNF receptor self-assembly process should be checked as a potential mechanism leading to apoptosis after doxazosin treatment.
Introduction
It was proved that doxazosin pro-apoptotic activity was independent of its capacity to antagonize a1-adrenoreceptors on prostate cells. Many pathways leading to apoptosis within prostate have been proposed. [1] [2] [3] [4] [5] [6] [7] [8] The recent results show that doxazosin triggers apoptosis within benign and malignant prostate cells via an imprecisely defined receptor mechanism related to tumor necrosis factor receptors family (TNFRs). [8] [9] [10] [11] [12] TNFRs such as CD95 (FAS), TNFR-1, TNFR-2 and CD40 may be responsible for triggering apoptosis. [13] [14] [15] CD95 (FAS) undergoes trimerization after FAS-ligand binding. Oligomerized CD95 forms a death-inducing signaling complex. Two signaling pathways (type I and II) have been identified. [16] [17] [18] [19] TNFR-1 and TNFR-2 have significant homology in their extracellular domains; however, their cytoplasmic domains are different.
TNFR-1 contains DD (death domain), whereas TNFR-2 lacks it. It has been shown that TNFR-1 and TNFR-2 were able to mediate information for cell survival as well as apoptotic signals. [20] [21] [22] CD40 lacks a DD but can mediate both proapoptotic and antiapoptotic signals. 21 Trimerization is an active status of TNF family receptors. Trimerization occurs after ligand binding or spontaneously. 23, 24 The mechanism of the spontaneous receptor oligomerization is still obscure. The counterbalance of TNFRs plays a crucial role in apoptotic response within prostate epithelial cells. 14 The aim of this study was to determine CD95, TNFR-1, TNFR-2 and CD40 expression pattern in primary prostate epithelial cultures incubated with doxazosin mesylate.
Materials and methods

Cell culture
Material for the cell culture was taken during an open prostatectomy from 10 patients. The mean age of the patients was 65.876.6. The patients were not treated with any medication affecting the level of male sex hormones. The consent of the Local Ethics Committee and the patients was obtained. The tissues were excised from a transitional zone of an enucleated prostate. Specimens were chopped and placed in 0.5% collagenase I (Sigma, St Louis, MO, USA) for 8 h. Cells were cultivated in Dulbecco's modified essential medium enriched with epidermal growth factor, cholera toxin, bovine pituary extract, phosphoethanolamine, hydrocortisone, insulin, retinoic acid, vitamin E, selenium, gentamycin and supplemented with fetal bovine serum (all purchased from Sigma). A short-term culture (15-20 days) was performed. The epithelial nature of culture was confirmed using pancytokeratin staining (Clone MMF118 , Dako, Glostrup, Denmark).
Apoptosis and necrosis detection
In order to detect apoptotic and necrotic cells by fluorescence microscopy and flow cytometry, Annexin V conjugated with fluorescein isothiocyanate (Annexin V-FITC) and propidium iodide (PI) staining kit (Immunotech, Beckman-Coulter, Miami, FL, USA) was used. Living cells were negative for Annexin V-FITC and PI. Early apoptotic cells were detected after binding with Annexin V-FITC. Secondary necrotic cells stained positive for both Annexin V-FITC and PI. It is presumed that secondary necrotic cells died in the apoptotic process. Necrotic cells were stained with PI. Doxazosin mesylate was supplied by Sandwich Laboratories (Pfizer Ltd, Kent, UK). The activity of the compound was 82.4%. All cells from each culture were divided into four groups. Doxazosin was added for 24 h to three experimental groups, Dox-20, Dox-50 and Dox-80 at concentrations of 20, 50 and 80 mM, respectively. Control cells were cultured without doxazosin. Immunofluorescence analysis was performed under inverted microscope (Nikon, Tokyo, Japan).
For flow cytometry study, 10 5 centrifuged cells were suspended in 0.5 ml of binding buffer containing 0.05 ml Annexin V-FITC and 0.05 ml PI. The analysis was performed using the EPICS XL flow cytometer (Beckman-Coulter) with System II Software. All experiments were performed at least in triplicate.
TNF receptors expression measurement by flow cytometry
The percentage of positively labeled cells and mean fluorescence intensity (MFI) were analyzed. Dox-20, Dox-50, Dox-80 and control group were analyzed after a 24-h incubation by flow cytometry using the following antibodies: anti-FAS-PE (BD Biosciences, Oxford, UK), anti-CD40-PE (BD Biosciences), anti-TNFR-1-FITC (R&D Systems, Abington, UK) and anti-TNFR-2-FITC (R&D Systems). The unattached antibodies were removed and cells were analyzed by an EPICS XL flow cytometer (Beckman-Coulter) programmed with System II Software. The cells incubated with IgG, bound with PE or FITC, were used as controls. The average value was calculated from 15 to 35 independent measurements.
The results were presented as means7standard deviations. The differences between means were compared using Student's t-test, Po0.05 being considered as significant. Correlation coefficients between doxazosin concentration and percentage of positive cells and MFI were calculated.
Results
The early apoptotic cells were visible after a 24-h incubation with doxazosin at a concentration of 20 mM. The cellular membranes were stained with Annexin V-FITC, and green fluorescence was observed (Photo 1). The doxazosin at a concentration of 80 mM (Dox-80) was responsible for a massive apoptosis after a 24-h incubation. The secondary necrotic and detached cells were visible under fluorescence microscopy in the Dox-80 group (Photo 2). The influence of doxazosin on cell survival rate was analyzed after 24 h (Figure 1 ). The viability of human primary prostate epithelial culture was 80.577.1%. A decrease of cell viability to 37.5712.6, 20.777.8 and 16.073.9% was observed in Dox-20, Dox-50 and Dox-80, respectively (Figure 1 ). An equal increase of early apoptotic cell ratio (40%) was observed in all three experimental groups (Dox-20, Dox-50, Dox-80). It can be noticed that doxazosin triggered early apoptotic Photo 2 Prostate epithelial cells in culture after incubation with doxazosin in a concentration of 80 mM (Dox-80), apoptotic bodies were only visible (Annexin-V-FITC and iodide propidium double staining, fluorescence microscopy, inverted microscope, magnification Â 100). a1-antagonist and expression pattern of TNF receptor in BPH patients T Drewa et al changes in a dose-independent manner. It was shown that secondary necrotic cells (late apoptotic cells) reached almost 40% in Dox-50 and Dox-80 groups. After a 24-h incubation, 19.970.7% secondary necrotic cells were observed in the Dox-20 group. Similarly, a dosedependent doxazosin effect on the percentage of late apoptotic cells was not visible in Dox-50 and Dox-80. The prostate epithelial cells, when exposed to both 50 and 80 mM concentrations, showed a similar apoptotic cell ratio (80%).
An insignificant decrease in CD95-positive cell population (44.0711.7%) was observed after a 24-h incubation with doxazosin at the lowest (20 a1-antagonist and expression pattern of TNF receptor in BPH patients T Drewa et al
Discussion
The concentrations responsible for the induction of apoptosis vary depending on the cells used in the experiment. The most sensitive to doxazosin are muscle cells and prostate stromal cells. The viability of prostate epithelial cells decreases at concentrations higher than 25 mM and at these concentrations apoptosis can be detected. 1, 9 A concentration of 20 mM was chosen to examine cells in early stages of apoptosis and 50 and 80 mM when apoptosis was evident. Annexin-V combined with negative nuclei staining is sensitive enough to detect early changes of apoptosis. These changes were detected at 20 mM.
We have investigated primary cultures from prostate epithelium as a model for doxazosin treatment. The primary culture model better reflects in vivo conditions than models that use commercially available immortalized cell lines.
Doxazosin was previously shown to induce apoptosis in prostatic malignant and benign cells involving the activation of transforming growth factor-b1 signaling pathway. 1, 8, 25 Now this concept has been changed. Garrison and Kyprianou 9 have shown that doxazosin increased FADD recruitment and subsequent caspase-8 activation, implicating FAS-mediated apoptosis as a mechanism leading to apoptosis in prostate cells. Partin et al. 7 have demonstrated that doxazosin treatment resulted in caspase-3 activation within 24 h. Caspase-3 is a crucial enzyme for the executive phase of apoptosis that can be activated after the stimulation of tumor necrosis factor family receptors. Konig et al. 26, 27 have demonstrated that TNF-a can be one of the key factors in the benign prostate hyperplasia (BPH) pathogenesis. TNF-a induces cell death and cell proliferation within prostate tissues. [28] [29] [30] In BPH, immunoreaction to TNF-a decreased as compared with that of normal prostates, while immunoreactions to both TNF receptors increased. 31 Based on the results of this study ( Figures 3  and 4) , we think that a low TNF-a activity in BPH is compensated by an increased amount of TNF receptors. There is a possibility that doxazosin enhanced the sensitivity for TNF-a and supports naturally occurring upregulation of the TNF family of receptors. On the other hand, there were no changes in MFI signal in both TNFR's labeled cell populations. There are two models of TNF family receptor signaling. In the first model the ligand induces trimerization and in the second model the pre-ligand self-assembly was proposed. 32, 33 The receptor trimerization (a functional state) should lead to a decreased MFI signal, because of a lower receptor density. We think that doxazosin did not influence the TNFR's oligomerization process and the receptors remained inactive. Doxazosin influenced TNFR expression but their functional status may be questionable.
The activation of CD40 in epithelial cells induced growth inhibition and sensitized to apoptotic stimuli. 34 Doxazosin decreased CD40 MFI signal in all groups, but the strongest decline was with Dox-20 ( Figure 5 ). We think that the decrease of MFI value was connected to receptor trimerization. CD40 was found to upregulate CD95 ligand, TRAIL (Apo-2L) and TNF in apoptosissusceptible carcinoma cells. These findings identify a novel proapoptotic mechanism that was induced by CD40. a1-antagonist and expression pattern of TNF receptor in BPH patients T Drewa et al A pre-ligand assembly domain (PLAD) was found on the TNF receptors. PLAD mediates the ligand-independent receptor trimerization and signaling. 24 It may be speculated that doxazosin had an influence on CD40 trimerization via PLAD protein.
CD95 is implicated in apoptosis in BPH. 14, 15, 30, 36 Doxazosin at a low concentration influenced both CD40 and CD95 proteins. This influence was expressed as CD40-and CD95-positive cells together with MFI signal decrease (Figures 2 and 5) . MFI signal decrease could be connected with an active status of these receptors. It is possible that doxazosin influences the pre-ligand selfassembly process leading to TNF receptors trimerization. The cells underwent CD40L-mediated apoptosis after the activation of TNF-related pathways. Taking this into account, the CD40 pathway appears to be a modulator of the apoptotic response.
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Conclusions
An increased number of TNFR-1-and TNFR-2-labeled cells correlated with doxazosin concentrations. Doxazosin increased TNF receptor expression and probably supports naturally occurring upregulation of TNF family of receptors. Doxazosin had an effect on CD40 and CD95 expression on the prostate epithelium at the lowest concentration. There was no dose-dependent effect on triggering apoptosis after doxazosin treatment. All these findings confirm previous reports that doxazosin triggered apoptosis within the prostate epithelium via TNF family-related proteins. We hypothesized that the initiation of apoptosis was a result of these proteins crosstalk rather than a single receptor-dependent pathway activation. TNF receptor self-assembly process should be checked as one of the potential mechanisms of triggering apoptosis after doxazosin treatment.
